The receptive surface of the stigma in distylous Linum grandiflorum and L. pubescens was studied by electron microscopy and cytochemical techniques. In both floral morphs a proteinaceous-lipoidal coating is present on the papilla surface. In thrum stigmas the cuticle is highly irregular and pitted at the papilla tip. The cuticle is dislodged and torn at anthesis and an osmiophilic secretion product is released within a pectinaceous matrix. The secretion product stains for proteins and lipids and contributes to adhesion of pollen. In the larger pin papillae the cuticle is wavy, continuous, thicker than in thrum papillae and adjoins the cell wall. In both species the surface of the two types of pollen grains is coated with lipids and protein.
In the last decade considerable progress has been Ibrahim, 1982) and Armeria maritima (Mattsson, made in our understanding of the part played by 1983) . From these studies it is evident that in plants the stigma surface in interactions with pollen with dimorphic incompatibility systems the final grains and in control of self-incompatibility rejection response may be the outcome of diverse (Mattsson et al., 1974; properties of the receptive surface in the two floral Harrison and Barber, 1975; morphs and of differing stages and sites at which 1975; Heslop- Harrison and Shivanna, 1977 ; the inhibition of the male gametophyte occurs. Heslop-Harrison and Heslop-Harrison, 1982;  Heterostylous plants offer favourable material review by Knox, 1984) . Pertinent studies, such as for elucidating control mechanisms of incompatithe listed ones, have been carried out mainly in bility. Distylous plants in which a dissimilarity in plants which have homomorphic incompatibility stigma structure in the two floral morphs is systems. More recently, however, investigations of associated with differential behaviour of pollen stigmas in relation to incompatibility have been grains in the two types of incompatible pollinations extended to a few plants with heteromorphic should be particularly informative in this respect, systems, namely, Linum grandiflorum (Ghosh and Stigmatic papillae of the two morphs in Linum Shivanna, \9i0a,b, 1983) ; Primula vulgaris (Hes-grandiflorum, L. pubescens and L. mucronatum lop-Harrison, Heslop-Harrison and Shivanna, have been found to differ in structural and 1981, Shivanna, Heslop-Harrison and Heslop-cytochemical properties (Dulberger, 1974, 19756;  Ghosh and Shivanna, 1980 a). In each of the three species pollen of the two morphs differs in exine sculpturing (Dulberger, 1981) . The structure of pollen in L. grandiflorum has been investigated by Dickinson and Lewis (1974) .
In L. grandiflorum pollen from pin (long-styled) flowers does not germinate on its own type stigma (Darwin, 1864) . Moreover, in pin x pin pollinations most pollen grains fail to swell or to even adhere to the stigma (Lewis, 1943; Modilevsky and Dzjubenko, 1966; Dickinson and Lewis, 1974; Dulberger, \975a,b) . Tubes of grains that do adhere and germinate are inhibited within the stigma (Dulberger, 19756; Ghosh and Shivanna, 19806) . In thrum (short-styled) x thrum pollinations, on the other hand, pollen germinates, but the tips of the tubes swell and burst within the stigma (Lewis, 1943) . In thrum x thrum, thrum x pin and pin x thrum pollinations, the pollen exine is degraded at the colpal regions, whereas in pin x pin pollinations no degradation of the exine takes place (Dickinson and Lewis, 1974) . Pollen-pistil interactions in L. grandiflorum have been investigated in detail by Ghosh and Shivanna (19806, 1983) .
In distylous L. pubescens and L. mucronatum pollen-tube growth is arrested within the stigma in both incompatible pollinations; however, a much smaller number of grains was found to germinate in pin x pin than in thrum x thrum pollinations (Dulberger, 1973) .
This paper is part of a study aimed at understanding the structural basis of distylous incompatibility in some Linum species. It presents some of the fine-structural and cytochemical properties of the receptive surface in the two floral morphs of L. grandiflorum and L. pubescens. Materials coating the pollen surface are also dealt with. Pollen behaviour in incompatible pollinations is described for these two species and for L. mucronatum and is considered in relation to the properties of the stigma surface.
MATERIALS AND METHODS
Plants of Linum grandiflorum (Desf.) W. A. Weber were grown from seeds supplied by European botanic gardens; L. pubescens Banks and Solander plants were raised from seed collected on Mt Carmel. Flowers for study of these species were taken from plants grown in an insect-proof nethouse. Flowering branches of L. mucronatum Bertol. were brought from the Judean Hills one day before use of their freshly opened flowers.
In all three species unpollinated stigmas and pollen were taken from flowers on the first day of anthesis. To spread the crowded papillae on a slide for size measurements, stigmas were fixed in FAA, rinsed in water, treated with 8 N NaOH solution for 3 min and rinsed again.
Staining procedures
Stigmas. Responses to stains were determined both in fresh intact stigmas and on stigmas fixed in 3 per cent buffered glutaraldehyde.
Proteins on the surface of fresh stigmas were stained with Coomassie brilliant blue R-250 , (Heslop-Harrison, Y., 1977) . Non-specific esterase on the surface of fresh stigmas was detected with a-naphthyl acetate used as a substrate in a coupling reaction with Fast blue B salt (Pearse, 1972) . The presence of acid phosphatase was demonstrated using a-naphthyl phosphate in a post-coupling reaction with Fast garnet GBC (Scandalios, 1969) .
For detection of lipids fresh stigmas were stained with Sudan Black B (Jensen, 1962; Bronner, 1975) . In addition, stigma prints on glass were used for revealing surface proteins and for discriminating between surface lipids and the cuticle. The stigmas were placed on a slide and covered with a coverslip topped by a second slide. After lO-l5min the stigmas were removed and both the bottom slide * and the coverslip were stained for proteins or lipids.
Auramine 0 was used as a fluorescent stain for cutin (Heslop-Harrison and Shivanna, 1977) . Components of the wall were stained as follows: the periodic acid-Schiff (PAS) method was employed for general localization of polysaccharides (Jensen, 1962) , calcofluor white was used as a fluorescent stain for /?-glucans and alcian blue for "* pectic substances (Heslop-Harrison, 1979) .
To assess the permeability to water in papillae of the two floral morphs, fresh virgin stigmas were exposed to a 0-1 per cent solution of neutral red. To ensure immersion of the stigmas in the vital stain, whole pistils were placed in petri dishes containing the stain solution and the dishes were ' agitated with care to prevent damage to the papillae. After exposure intervals of 0-5, 2, 3, 10 or 30 min, the stigmas were rinsed and mounted in dilute glycerol.
Pollen. Fresh pollen of the two morphs in each L. grandiflorum and L. pubescens was examined for surface lipids and proteins. Lipids were determined -« with Sudan IV (Gurr, 1965) and with oil red (Humason, 1979) . For comparison, hexanewashed pollen was examined with the same dyes.
Proteins were examined by some of the methods used by Howlett, Knox and Heslop-Harrison (1973) . For localization of proteins on the surface of pollen grains, 0-25 per cent Coomassie Blue in 45 per cent methanol with 10 per cent acetic acid was employed. Emission of proteins from whole grains was observed using the stain-fixative mentioned with 25 per cent sucrose 1:1 (v/v).
Preparation for electron microscopy
Stigmas to be examined with the TEM were fixed in 3 per cent glutaraldehyde in 005 M phosphate buffer at pH 7-2 for 4 h at room temperature. After three washes in buffer the stigmas were postfixed in 1 per cent osmium tetroxide in the same buffer for 2 h at 4 °C, rinsed in buffer, and dehydrated through an ethanol series. The tissue was then embedded in resin (Spurr, 1969) . Thin sections were cut with glass knives on a Reichert ultratome, post-stained with uranyl acetate followed by lead citrate and examined with a Jeol 100 B electron microscope.
For study with the SEM, stigmas were fixed and washed as above but without postfixation in osmium tetroxide, dehydrated through an ethanol series, dried by the critical point method and coated with gold. Whole fresh stigmas were also mounted directly on stubs, placed in a JEOL 35SEM and viewed in an uncoated state. papillae, particularly those projecting from the surface. The small papillae are the least exposed ( Fig. 1 A, B) . There is, however, an overlap between the size ranges of papillae in the two morphs, because of considerable intramorph variation. Thus in a sample of 60 papillae in each morph, the mean papillar length (in /*m±s.d.) in pin stigmas was 55-8 ±2-4 and the mean max. width 27 ±4-4 as against a mean papillar length of 47 ± 10-1 and a mean max. width of 20-5±2-6 in thrum stigmas. Only the upper part of a papilla is exposed, while adjacent papillae may be contiguous up to two thirds of their lengths.
In L. pubescens the finger-like papillae are considerably larger in pin than in thrum stigmas. In a sample of 30 papillae in each morph the mean sizes of papillae were 78±ll-5 length and 38-0 ±4-2 max. width in pin stigmas and 62-6 ±6-4 length and 21-1+2-6 max. width in thrum stigmas.
In both species the cell wall is thickened at the papillar apex and thins out towards the transition to the flanks. Most of the papilla volume is occupied by a central vacuole. The wall is lined by a thin layer of cytoplasm which bulges into the vacuole at some places (Figs 2 A, 5 A). The nucleus is frequently situated at the upper third of the papilla.
Controlled pollinations
Artificial pollinations were carried out in L. pubescens and L. mucronatum on the first day of anthesis and in L. grandiflorum -on the first and second day. Virgin stigmas were gently brushed with pollen from freshly dehisced anthers.
Pollen capture by stigmas was examined under a dissecting microscope either directly or after stigmas had been mounted in 0-5 per cent aniline blue in lactophenol. For observations of pollen tubes pollinated pistils were fixed in FAA at given intervals after pollination and stained with light green and acid fuchsin in 80 per cent lactic acid.
RESULTS

The stigma
In both species each of the five styles terminates in a linear stigma. The receptive surface is papillate and surrounds the style tip, except for a strip along the abaxial part of the stigma. This strip widens towards the stigma base. A vascular strand reaches almost to the tip of each stigma.
In L. grandiflorum pin stigmas are twice as long as thrum stigmas. The papillae are club-shaped cells. Pin papillae are generally larger than thrum Fine structure of the papillar wall L. grandiflorum. In fresh, uncoated stigmas, the surface of pin papillae is smooth (Fig. 1A) , whereas in stigmas processed for SEM it is wavy ( Fig. 1C .E).
The outline of fresh thrum papillae is less regular than that in pin papillae (Fig. IB) . In stigmas processed for SEM, the surface of papillae is irregular ( Fig. 1D ) and pits can be seen (Fig. 1F ) where coating materials have been extracted or dislodged by the treatment.
In pin papillae viewed in the TEM the cuticle is continuous ( Fig. 2A) , and its inner layer has a higher electron density than the outer one ( Fig.  2B,C) . In some places epicuticular materials are present. Electron-transparent, lamella-like, tangentially oriented inclusions are scattered between the two layers. At the papilla tip the thickness of the cuticle is 0-16-0-33 fim, while at the flanks it is 0-08 fim. The cell wall is finely fibrillar and has a thickness of 1 -4-3-3 fim at the apex and 0-5-1-0 fim at the flanks.
In both pins and thrums, at areas of contact between papillae, lamellate materials can be discerned outside the cuticle as exemplified in cuticle is lacking at the bases of contiguous papillae ( Fig. 3B ).
In thrum papillae the cuticle is continuous and adjoins the cell wall at the flanks of the papillae (Fig. 4 A) . However, in most papillae observed it differs from the cuticle in pin papillae in being discontinuous at the tip ( Fig. 4B-G ). Moreover, it shows none of the uniformity characterizing the cuticle of pin papillae. At some points the cuticle is seen to have an outer coating (Fig. 4 A) , while its inner surface appears lined by a layer of secretion product in the form of osmiophilic globules (Fig. 4Q . Small globules appear to bud off from the larger ones. At points where the cuticle is lifted, the globules either remain adjacent to the cell wall (Fig. 4E) or are dispersed in a subcuticular, electron transparent space (Fig. 4F ) which contains microfibrils. Alveolate structures bordered by the cuticle and the secretion product are visible on top of many papillae (Fig. 4D) . The secretory material is exposed at points where the cuticle is torn (Fig. 4 F, G) . The cuticle is 001-0-06 fim in thickness, i.e. considerably thinner than in pin papillae. The thickness of the cell wall varied from 0-25 fim at the flanks to 2-22 or 3-66 ftm at the tip. The juncture areas between contiguous papillae were foam-like in appearance due to vesicles and alveoli within the interstitial matter.
L. pubescens. In the SEM, papillae of the two morphs are similar to those of L. grandiflorum. In the TEM, the cuticle of pin and thrum papillae differs from that in L. grandiflorum in being faintly lamellate and overlaid by a thin electron opaque film ( Fig. 5B-D) . In pin papillae, the cuticle is continuous (Fig. 5 A) and globules of various sizes are scattered at its interface with the cell wall (Fig.  5B) .
In thrum papillae, pyramid-like projections, some of which are in contact with globules of secretory material, extend from the cuticle into the cell wall (Fig. 5C ). These possibly constitute the particles observed under light microscopy (Dulberger, 1974) . The globules contain electron opaque inclusions. In this species too, the cuticle at the papillar tip varied within the same stigma: it adjoined the cell wall in some instances, was detached from the wall in other instances ( Dulberger-Stigma Papillae and Incompatibility in Distylous Linum Species alveoli were lined either by an evenly uniform cuticle or by one in which both pyramidal projections and the secretory globules were dispersed. The alveoli contained microfibrils. The clefts between adjoining pin as well as thrum papillae are filled with lamellate matter of intermediate electron density, in which swarms of vesicles may occur. Similarly to the cuticle of papillae, this intracleft matter is overlaid by an electron opaque film and at its interface with the cell wall secretory material is found (Fig. 5 F) . In both morphs, as in L. grandiflorum, bases of fused papillae are devoid of a cuticle.
Staining responses
L. grandiflorum. In fresh pin stigmas, the papillar surface did not exhibit intense staining with reagents for proteins (Fig. 6A ). This was previously reported (Dulberger, 19756; Ghosh and Shivanna, 1980 a) . Nevertheless, an extremely thin Coomassie blue-staining pellicle was transiently discernible on the exposed surface of the cuticle, as confirmed by fine traces of proteins in some of the stained stigma prints (Fig. 6D) . In addition, occurrence of epicuticular lipids was indicated by contours of a few papillae or by presence of a lipid residue in stigma prints stained with lipophilic stain (Fig. 6E) .
Fresh thrum papillae, in contrast to pin papillae, stained intensely with Coomassie blue immediately after exposure to the dye. The staining was most intensive and thickest at the tip region (Fig. 6B ) where proteins were seen to diffuse into the staining solution. Cells of the non-papillar part of the stigma did not stain. The Coomassie blue-staining matter is unlikely to derive exclusively from the pellicle coating the papilla surface. The cuticle proper at the tip area seems to be permeated with proteins, possibly due to a proteinaceous component of the globules lining it. Indeed, stained particles of diverse shapes, such as rodlets, granules, fibrils or hooks sloughed off the tip (Fig.  6B ) and are probably fragments of the lifted and torn cuticle rather than the epicuticular projections showing up upon optical microscopy (Dulberger, 1974) . These particles as well as the droplets of secretion material stained also for lipids. In stigma prints on glass, silhouettes of papillae were observed after staining with Coomassie blue (Fig.  6F) or Sudan Black (Fig. 6G) . Indications for proteins and lipids were considerably more abundant in prints of thrum than in prints of pin stigmas.
Non-specific esterase and acid phosphatase were found on pin and thrum papillae as described by Ghosh and Shivanna (1980a) . In both morphs the cuticle fluoresced with Auramine O. The cell wall was PAS positive. Fluorescence with calcofluor white and staining responses to ruthenium red and alcian blue indicated that the thickened part of the wall contains insoluble polysaccharides and pectins. In pin stigmas, the pectic components of the papilla wall could only be located after fixation. Fresh thrum stigmas readily took up stains for pectins. The pectins were found to be present beneath the cuticle as well as outside the papilla tip (Fig. 6C) . Presumably they derive from the subcuticular matrix in which the globules are embedded, swell and are subsequently released onto the papilla surface through splits in the cuticle. Alveolar structures such as shown in Fig. 4D may result from swelling of these pectins. In stigmas fixed or immersed in ether-methanol 1:1 or in hexane for few min, the areas of contact between papillae stained for proteins, as seen in Fig. 3C . This staining response is probably due to the materials which fill the interstices at the junctions.
L. pubescens. In pin papillae of this species a thin Coomassie blue-staining pellicle could be discerned more readily than in L. grandiflorum. Notably, the tips of thrum papillae stained for proteins, though less intensely so than in L. grandiflorum. Stained surface lipids were visible both in fresh stigmas and in stigma prints. Generally, the responses to reagents for epicuticular enzymes and for papillarwall components were similar to those in L.
grandiflorum.
A conspicuous feature which distinguishes thrum papillae of L. pubescens from those of L. grandiflorum is a subcuticular cap-like zone which appears when the stigmas are exposed to water or to stains dissolved in aqueous media. The cap probably results from persistence of swollen subcuticular pectins prior to disruption of the cuticle.
Penetration of neutral red into papillae of
L. grandiflorum and L. pubescens
In both species the stigma surface is hydrophobic, particularly in pin flowers. Different permeability of the papillae in the two morphs was first evinced by staining of fresh stigmas with dyes prepared in aqueous solution, whereupon the wall of thrum papillae took up ruthenium red or alcian blue readily, while pin papillae did not take up any stain in the first 2 h.
In L. grandiflorum, whose papillar vacuoles contain anthocyanins, penetration of the vital stain neutral red could only be traced in the pigmentless thickened portion of the wall at the papilla tip. In the unpigmented papillae of L. pubescens, on the other hand, neutral red could be observed staining also the vacuole.
In thrum papillae of both species the pectocellulose wall was rendered red 30 s after exposure to neutral red. The vacuoles of all or most thrum papillae in L. pubescens took up the stain after 2-5 min. In pin papillae of both species, the wall remained unstained for 10 min after exposure to the vital stain. Staining of the papilla wall in L. grandiflorum and of wall and vacuole in L. pubescens was observed in less than a third of the pin papillae and only after 20-30 min of exposure to neutral red.
Pollen-coat materials
Pollen grains of L. grandiflorum and L. pubescens are tricolpate and the exine has variously shaped processes. No differences in staining responses were observed between the two species or between their morphs. In all cases lipids were present on the exine surface, as shown for L. grandiflorum (Fig.  6H,I ).
In pollen stained for proteins by the stain-fixing medium the dye was taken up by the whole exine. In pollen examined for release of proteins, a stained halo appeared around individual grains within 10-40 s after contact with the dye. The sites of emergence of protein, whether apertural or non-apertural, could not be specified, because of rapid diffusion of the stained material all around the grain.
Sites of inhibition
Pollen capture by stigmas and pollen tube growth were traced in intermorph and intramorph pollinations in L. grandiflorum, L. pubescens and L. mucronatum. In thrum x pin, thrum x thrum and pin x thrum combinations the stigmas in each species became covered with hundreds of pollen grains. Four hours after intermorph pollinations pollen tubes were observed at the lower part of the style or at its base. Three hours after thrum x thrum pollinations, pollen tubes 1-5 times longer than the diameter of the individual grains were found within the stigma. No additional elongation had occurred 48 h after pollination.
In pin x pin pollinations most pollen grains failed to adhere to the stigmas. In the first species these results reaffirm the previous reports (see Introduction) on failure of pin pollen to adhere to pin stigmas. In all three species, the receptivity of pin stigmas for thrum pollen on the first day of anthesis ruled out protandry.
Again in all three species, pin stigmas pollinated with pin pollen and examined by SEM revealed that some of the grains that did adhere were unimbibed. The remaining adherent grains had emitted pollen tubes that were arrested within the stigma and were either 2-8 times longer than the grain diameter (in the first two species) or were 7-15 times longer than the grain diameter (In L. mucronatum). As in incompatible thrum pollinations, there was no further growth increment, the pollen tubes not extending below the papillar area of the stigma.
To compare pollen adherence to the stigmas in the different pollen-stigma combinations of the three studied species, stigmas on which pollen had been placed for about 60-90 s were used as pollen donors by gently brushing them against virgin stigmas; the latter were then examined for pollen loads.
All attempts to transfer pin pollen from thrum stigmas to pin stigmas failed; the pollen grains remained affixed to the thrum stigmas. Attempts to transfer pollen that had been deposited on thrum stigmas to other virgin thrum stigmas proved partly successful. It seems that the transferred grains had not been in direct contact with the stigma surface but rather with the underlying grains. Indeed, the thrum donor stigmas remained covered by an almost uninterrupted monolayer of pollen. Thrum pollen placed on pin stigmas could easily be brushed off by other pin stigmas or by thrum stigmas. Clearly then, the adhesion of pollen to thrum stigmas is considerably stronger than that of thrum pollen to pin stigmas.
DISCUSSION
In pollens of several species examined, wall-held proteins were present on the exine surface or within its micropores and in the intine (Heslop-Harrison, Knox, Helsop-Harrison and Mattsson, 1975 and references therein). There are no micropores in the exine of L. grandiflorum and L. pubescens. The observed release of proteins soon after addition of the dye suggests that the source of these proteins is the exine surface. In the two Linum species the pollen coat probably contains proteins in addition to lipids.
The receptive surface of the stigma in L. grandiflorum and L. pubescens comprises two distinct parts: the exposed portions of papillae and areas of contact between them. Thee exposed portions are mainly sites for capturing and hydrating pollen. As will be shown in a separate paper, the areas of contact between adjacent papillae supply substrate for early interactions with the pollen tubes prior to their penetration into the underlying tissue.
Essentially similar disparities in fine-structural and cytochemical features between the surface of pin and thrum papillae were observed in L. grandiflorum and L. pubescens. From earlier observations made with light microscopy (Dulberger, 1974 ) similar disparities occur also in L. mucronatum; in this species, pollen-coat substances have yet to be examined. The three species additionally share a common behaviour of the male gametophyte in the two kinds of incompatible pollinations. In intramorph thrum pollinations the pollen tubes are inhibited within the stigma. In intramorph pin pollinations two distinct sites of inhibition occur, namely, rejection of incompatible pollen on the stigma and arrest of tube growth within the stigma.
It is not clear whether the tears in the cuticle of thrum papillae are a natural feature of mature fresh stigmas or rather an artefact of their preparation. It is possible that the pits observed in the SEM (Fig. 1F ) are genuine depressions resulting from uneven expansion of the cuticle during growth of the thrum papillae. As for disruptions of the cuticle in unpollinated stigmas (Fig. 4) , these may be due to a swelling of underlying pectins in the aqueous fixative or in the staining media. The latter possibility gains support from the following findings: in a fraction of the papillae viewed with the TEM the cuticle was continuous, especially in L. pubescens; the pectins and cuticular debris that had been observed outside the papillar cells in stained stigmas could not be discerned in the stigma prints; there were no droplets of secretion on the surface of papillae viewed by the SEM in the fresh state.
Assuming intactness of the cuticle at the time of pollen deposition, the contact face for initial adhesion and hydration of pollen on thrum stigmas are the proteinaceous-lipoidal coatings of both papillae and pollen surfaces. Pollen grains can undergo further hydration by withdrawing water from the turgid papillae through the thin intact cuticle. Presumably the water movement leads to imbibition of subcuticular pectins, tearing of the cuticle, release of the secretory product and a consequent stronger adhesion of pollen. This sequence of events apparently takes place soon after pollen deposition, for the instantaneous swelling of pollen grains that are in direct contact with the stigma (Dulberger, 1983) suggests immediate withdrawal of water by the pollen.
Regardless of the time of secretion release, whether before deposition or after initial hydration of the pollen, it provides a strong adhesive for both types of pollen and particularly for thrum grains. The role of the secretory product in pollen germination and in interactions with the pollen ' tubes has yet to be elucidated. There is no secretion in pin papillae and their cuticle, unlike that of thrum papillae, is continuous, thicker and relatively impermeable to water. The epicuticular coating of these stigma cells appears to be less substantial than in thrum stigmas. This is borne out both by the different responses of the two papillar types, and of stigma prints to stains for proteins and lipids, and by comparison of processed pin and thrum stigmas under SEM.
The major obstacle to pin pollen on pin stigmas is failure of the grains to adhere. Since thrum pollen does adhere to pin papillae in spite of their morph-specific coating, the two types of pollen must differ in a surface factor. Leachates of pin and thrum pollen of L. grandiflorum have been found to differ in glycoproteins (Ghosh and Shivanna, 1983) . Proteins are apparently present in the pollen coat of both morphs but the origin of the differing glycoproteins has not been verified; the intine, too, is a possible source. Lipids, too, were found on the surface of both pollen types. One of the roles of these lipids may be the prevention of adherence in intramorph pin pollinations. This is suggested by the finding of Ghosh and Shivanna (1983) that hexane washing of pin pollen improved its ability to adhere to pin stigmas significantly.
The few adhering pin grains are further impeded by a blockage to hydration. This is clear from the finding of unimbibed pin grains on pin stigmas in L. grandiflorum (Lewis, 1943; Dickinson and Lewis, 1974; Ghosh and Shivanna, 1983) and from the SEM findings of the present study.
Wetting of pin stigmas of L. grandiflorum resulted in an increased number of adhering grains (Ghosh and Shivanna, 1983) . However, since pin stigmas are water repellent, wetting can only be "" performed by forcible immersion of stigmas. This treatment, similarly to scarification, induces lesions in the papillae and causes interstitial materials to spread, so that the barriers imposed by papillar cells on both adherence and hydration are partially abrogated. Therefore, forcible wetting of the stigma is not conducive to identification of stigmafactors that are separately responsible for the phenomena of adherence or hydration. Lewis (1943) found that the two types of stigmas and pollen grains in L. grandiflorum differ considerably in their respective osmotic pressures. He attributed the failure of pin grains to absorb water from the papillae and swell on pin stigmas to the insufficient osmotic pressure of pollen relative to that of stigma. The neutral red test shows that the low permeability of pin papillae to water may be a factor which prevents imbibition of pin pollen. On the other hand, the imbibition of thrum pollen on pin stigmas, which occurs despite the relative impermeability of the papillae, can be explained by a water potential which is lower in thrum than in pin pollen, as proposed by Lewis. Another possibility is that the coating of thrum pollen r induces a change in the permeability of pin papillae.
The impermeability of pin papillae explains two previous findings in L. grandiflorwn. First, that in pin pollen grains removed from a pin stigma and subsequently immersed in buffer solution, pollen hydration and degradation of the exine take place r as on a thrum stigma (Dickinson and Lewis, 1974) . Second, that in pollinations of pin stigmas with hexane-washed pin pollen, which adheres easily, pollen grains become hydrated on the stigma with ambient moisture rather than with moisture from the stigma itself (Ghosh and Shivanna, 1983) .
Stigmas of the two morphs in L. grandiflorum, L. pubescens and L. mucronatum, examined by the plasmolytic method, showed osmotic values similar to those reported by Lewis (Dulberger, Glinka and Doron, unpublished) . It is possible that osmotic differences between pin and thrum stigmas, which result from differential metabolism of the papillar cells in the two morphs, are not directly involved in the incompatibility response of the pin morph.
Recently, details of the mechanisms of adhesion of pollen to stigmas have been investigated in detail. Differences were observed in the extent of adhesion of self-incompatible vs compatible pollen, and components of the stigma and pollen surfaces which are involved in efficient glueing have been closely examined (reviews by Dumas, Knox and Gaude, 1983; Knox, 1984) . In all these studies adhesion of pollen after its deposition on the stigma rather than rejection prior to its deposition has been investigated.
Rejection of incompatible pollen prior to adherence occurs, additionally to that in the Linum species, also in one of the morphs of Limonium species (Dulberger, 1975 a) , Ameria maritima (Mattsson, 1983) and Plumbago capensis.
Another aspect meriting consideration is the extent to which distylous Linum species conform to the generally accepted correlation between genetic control of incompatibility, pollen cytology, site of the inhibition response and type of the stigma. In heterostylous species incompatibility is under sporophytic control (Lewis, 1954; Pandey, 1970) , and in both morphs of L. grandiflorum and L. pubescens mature pollen is trinucleate. This condition is generally correlated with inhibition of pollen at the stigma surface (Brewbaker, 1957) and, broadly, with stigmas of the dry type Heslop-Harrison and Shivanna, 1977) .
The dissimilarity of the major sites of inhibition in the two intramorph incompatible combinations, namely, at the stigma surface in pin x pin pollinations and within the stigma tissue in thrum x thrum pollinations, could be ascribed to the different stigma types in the two morphs. As noted by Ghosh and Shivanna (1980a) , pin stigmas in L. grandiflorum are of the dry type, whereas thrum stigmas resemble the wet type. The present study substantiates this distinction and also extends it to L. pubescens. Possibly, the distinction between dry type pin and wet type thrum stigmas also holds true for other Linum species in which structural dimorphism of papillae has been found (Heitz, Jean and Prensier, 1971; Dulberger, 1974) . It should, however, be noted that in L. austriacum and L. perenne pin pollen does adhere to pin stigmas and pollen tubes in both incompatible pollinations are arrested at the top of the style (Darwin, 1864; Baker, 1975) . A similar condition occurs in L. maritimum.
An interesting analogy to the stigma dimorphism and sites of inhibition in Linum can be found in Primula obconica. In that species, thrum stigmas are dry and pin stigmas are wet (Schou, 1984) . In thrum self-pollinations the pollen germinates but most tubes are inhibited at the stigma surface, whereas in pin self-pollinations the majority of tubes are inhibited within the stigma (Stevens and Murray, 1982) . Although this condition is the reverse of what takes place in the Linum morphs, there is, nonetheless, a correspondence between dryness vs. wetness of the stigma and epi-or intra-stigmatic incompatibility response.
How can one explain the unusual association of sporophytic incompatibility with wet stigmas in one of the morphs? The rejection mechanism of sporophytic incompatibility in plants possessing the dry papillate type of stigma has been explained in terms of cell by cell interactions between the pellicle of single or a few dry papillae and materials carried in the wall of single or a few pollen grains. The rejection response is thereby localized and the stigma conserves its functional area for compatible pollen HeslopHarrison, 1975; Heslop-Harrison and Shivanna, 1977) .
The above is applicable also to the wet thrum stigmas of Linum. These stigmas differ from typical wet stigmas, e.g. of Petunia (Konar and Linskens, 1966) in that they retain the secretory product on individual papillae (Fig. 1B, D 
